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Abstract It is known that chronic endurance training
leads to improvements in the lipoprotein proﬁle, but less is
known about changes that occur during postexercise
recovery acutely. We analyzed triglyceride (TG), choles-
terol classes and apolipoproteins in samples collected
before, during and after individual moderate- and hard-
intensity exercise sessions in men and women that were
isoenergetic between intensities. Young healthy men
(n = 9) and young healthy women (n = 9) were studied
under three different conditions with diet unchanged
between trials: (1) before, during and 3 h after 90 min of
exercise at 45% VO2peak (E45); (2) before, during and 3 h
after 60 min of exercise at 65% VO2peak (E65), and (3) in
a time-matched sedentary control trial (C). At baseline,
high-density lipoprotein cholesterol (HDL-C) was higher
in women than men (P\0.05). In men and in women,
total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), HDL-C, apolipoprotein A-I (apoA-I), apolipo-
protein B (apoB), and LDL peak particle size were unal-
tered by exercise either during exertion or after 3 h of
recovery. In women, but not in men, average plasma TG
was signiﬁcantly reduced below C at 3 h postexercise by
approximately 15% in E45 and 25% in E65 (P\0.05)
with no signiﬁcant difference between exercise intensities.
In summary, plasma TG concentration rapidly declines
following exercise in women, but not in men. These results
demonstrate an important mechanism by which each
individual exercise session may incrementally reduce the
risk for cardiovascular disease (CVD) in women.
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Introduction
Among the positive effects of leading a physically active
lifestyle is the effect of the activity (exercise training) on the
lipoprotein proﬁle. Exercise training improves some aspects
of plasma lipids, though the precise nature of the effect is
variable among studies. Of the many factors that may
explain variability, time since the most recent training bout
is likely to be very important as the effects of training may
wane quickly following cessation of the training program.
For example, though reduced plasma triglyceride (TG)
concentration in people who regularly exercise may be an
important factor in their decreased risk for atherosclerosis
and other forms of cardiovascular disease (CVD), the effect
may be through the repeated, but transient, impact of each
exercise bout on plasma TG, as it was reported that 3 days
after cessation of training the favorable training-induced
changes were lost (Leon et al. 2000). It may actually be that
much of the health beneﬁt of exercise training accrues from
exercisers being in a perpetual state of postexercise recov-
ery. Thus, studies of postexercise recovery following indi-
vidual bouts of exercise could indicate important health
beneﬁts of regular exercise.
Though studies have not yet revealed differences
between men and women or the effects of exercise inten-
sity, there are reports of acute effects of exercise on
the lipoprotein proﬁle during recovery. To assess acute
changes in the lipoprotein proﬁle following exercise
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DOI 10.1007/s00421-010-1409-7sessions, it is important to control for diurnal variations and
for drift of nutritional state between meals by conducting
time-of-day-matched sedentary control trials on separate
occasions. Thus, as performed in the studies discussed
below, changes that occur during postexercise recovery can
be compared to changes that may occur on sedentary
occasions. There appear to be no signiﬁcant changes in
total cholesterol (TC) or low-density lipoprotein choles-
terol (LDL-C) in either sex during the hours following a
single exercise session (Gill et al. 2003; Gordon et al. 1996;
Lee et al. 1991), but results for TG and HDL-C are
somewhat more promising. In women, following an acute
exercise bout, it was reported that plasma TG concentration
declined within 90 min after exercise (Lee et al. 1991) and
the effect was sustained until the following day (Gill et al.
2003; Lee et al. 1991), though others did not ﬁnd TG to be
depressed on the day after exercise (Magkos et al. 2009). In
men, results have been variable showing no effect (Gordon
et al. 1996; Magkos et al. 2007) or depressed plasma TG
during recovery when exercise volume was quite high
(Magkos et al. 2006), but it was unknown if impacts of
exercise would have been clearer if plasma samples had
been drawn closer in time to the exercise session rather
than so far out into the recovery period. That is to say, the
effects of a single bout of exercise might primarily act
during the few hours after exercise rather than being
delayed until the day following exercise. Studies that
directly compare men with women during the hours
immediately following exercise are still needed. Addi-
tionally, exercise bouts can lead to subsequently elevated
concentrations of high-density lipoprotein cholesterol
(HDL-C) in women (Lee et al. 1991) and men (Gordon
et al. 1996), though little is known about the effects of
exercise intensities, energy expenditures or effects of
gender when controlling for changes that may occur during
the course of a sedentary day.
Compared to men of similar age, premenopausal women
have been shown to have a more favorable lipoprotein
proﬁle (Despre ´s et al. 1999; Freedman et al. 1990; Johnson
et al. 2004; Leon et al. 2000; St-Amand et al. 1995), of
which the most substantial differences seem to be having
lower plasma TG and higher plasma HDL-C. Additionally,
women may have lower postprandial lipemia because of
more rapid clearance of meal fatty acids away from chy-
lomicrons to peripheral storage sites (Knuth and Horowitz
2006). Thus, it appears that there are some important
gender differences with regard to lipoprotein metabolism
and CVD risk. However, how these gender differences
interact with changes in lipemia following physical activity
is not yet known and, furthermore, the effects of the
intensity of exercise have not yet been determined.
Therefore, we studied the lipoprotein proﬁle in young men
and women during and 3 h after exercise sessions of two
different relative intensities that were matched for energy
expenditure within each sex. Importantly, because the
effects of exercise would be overlaid on the effects of the
time of day and time course of meal absorption, we com-
pared the results to a sedentary condition in which diet was
identical. We conjectured that the effects of chronic exer-
cise training to increase HDL-C (Despre ´s et al. 1990;
Katzmarzyk et al. 2001; Kiens et al. 1980; Kraus et al.
2002; Leon et al. 2000; Slentz et al. 2007; Thompson et al.
1988; Williams et al. 2005) and reduce TG (Kiens et al.
1980; Kraus et al. 2002; Leon et al. 2000; Thompson et al.
1988) are an accumulation of changes that occur following
each individual exercise bout and largely reﬂect the impact
of the most recent session. Furthermore, though far more
investigation is needed to understand the importance of
exercise training intensity, higher-intensity exercise is
believed to lead to some additional healthy beneﬁts beyond
that of lower-intensity exercise (Institutes of Medicine
2002). Thus, we hypothesized that an exercise bout would
acutely raise HDL-C and lower plasma TG in an intensity-
dependent manner in both sexes. The results revealed an
important sex-based difference for the impact of physical
activity on plasma lipids and revealed a potential mecha-
nism by which a physically active lifestyle reduced CVD
risk in young women.
Methods
Study participants
Moderately active, non-smoking, weight-stable volunteers
were recruited from the University of California, Berkeley
campus and surrounding community by posted notice and
e-mail. Initially, 10 men and 10 women were recruited
to participate in the study. Potential study participants
underwent subsequent screening tests for being disease-
free as determined by physical examination and health
history questionnaire. They were not taking medications
known to affect metabolism, had a body mass index (BMI)
of less than 28, were neither sedentary individuals (absti-
nence from any regular exercise) nor elite athletes (inter-
collegiate or professional athletes) and had normal lung
function as determined by 1-s forced expiratory volume of
greater than or equal to 70% of vital capacity. Female study
participants reported regular menstrual cycles (24–32 days)
and were not taking oral contraceptives or other forms of
exogenous ovarian hormones. We sought to study women
in the early follicular phase of the menstrual cycle to
standardize conditions between trials. Therefore, female
subjects were studied between days 3 and 8 of their
menstrual cycles, and the cycle phase was subsequently
conﬁrmed if estradiol was less than 50 pg/mL and
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123progesterone was less than 1 ng/mL in serum collected the
morning of each study occasion. In two women, serum
estradiol concentrations were greater than 50 pg/mL in one
of the trials. For one woman, this was on an exercise day
and that trial was excluded. For the other woman, the
elevation of estradiol occurred on the control day and so all
three of her trials were excluded. Additionally, we were
unable to attain data in every trial for the men. Therefore,
participants per trial ranged from seven to nine for men and
eight to nine for women. In Table 1, we report the char-
acteristics of the study participants. Habitual exercise
activity of approximately 6–7 h/week of moderate exertion
(more intense than walking and less intense than compet-
itive sporting competition) was reported by both the men
and women. Procedures and risks were thoroughly
explained to the study participants, and their written,
informed consent was obtained. The University of Cali-
fornia, Berkeley Committee for the Protection of Human
Subjects approved the study protocol (CPHS no. 2004-6-
103).
Screening tests
Before beginning the study, participants underwent two
progressive exercise tests to assess peak oxygen con-
sumption ð _ VO2peak) and body composition was assessed
by skinfold measurement (Jackson and Pollock 1978;
Jackson et al. 1980). In previous investigations, we found
the skinfold and hydrostatic weighing methods to provide
similar results on the study population of interest (Fried-
lander et al. 1998, 1999). As changes over time in physical
ﬁtness and body fat content could alter lipoprotein proﬁles,
_ VO2peak and body composition assessments were again
carried out on completion of the study to conﬁrm that
changes had not occurred during the time in which par-
ticipants were enrolled in the study. _ VO2peak and body
composition did not vary signiﬁcantly between assess-
ments. Exercise was performed on a leg-cycle ergometer
(Monark Ergometric 839E, Vansbro, Sweden). Addition-
ally, as changes in dietary composition over time in study
participants could alter results, dietary energy and macro-
nutrient intake were monitored at the beginning, middle
and end of the study by separate 3-day diet records; anal-
ysis was performed with Diet Analysis Plus 6.1 software
(ESHA Research, Salem, OR, USA). Diets did not vary
signiﬁcantly between the three separate assessments and,
therefore, average values are reported.
Experimental design
With at least 1 week between trials for men and 1 month
between trials for women, participants were studied under
each of the three conditions, each on separate occasions,
assigned in a random order. Men and women were studied
(1) before, during, and 3 h after *90 min of exercise at
45% _ VO2peak (E45), (2) before, during and 3 h after
*60 min of exercise at 65% _ VO2peak (E65), and (3)
during a time-matched resting control trial (C). After
catheterization, study participants lay semi supine quietly
reading or watching movies. After exercise, study partici-
pants dismounted the ergometer and sat on a chair where
they remained for 30 min and were then transferred to an
examination table where they remained semi supine for the
remaining 2.5 h of postexercise recovery. Water was con-
sumed by study participants ad libitum, but they consumed
no food during recovery. Participants were transported in a
wheelchair for trips to the toilet. Duration of the ﬁrst ran-
domly assigned exercise trial, either E45 or E65, was set at
90 or 60 min, respectively. The appropriate duration for the
subsequent exercise trial in the remaining exercise condi-
tion was predicted with the goal of matching exercise
energy expenditure (EEE) between exercise bouts using
oxygen consumption ð _ VO2Þ and respiratory exchange ratio
(RER) from the _ VO2peak assessments.
Experimental protocol
For the day prior to studies, participants were instructed
to consume a standardized diet and water ad libitum, and to
abstain from structured physical exercise sessions, but to
continue typical activities of daily living. On the day pre-
ceding the studies, participants were fed for a physical
activity level (PAL) of 1.5 according to the current dietary
reference intake guidelines of the Institutes of Medicine for
estimated energy requirement (EER) (Institutes of Medi-
cine 2002). These standardized diets were individualized
Table 1 Characteristics of study participants
Men Women
Age (year) 25.2 ± 1.7 25.1 ± 2.0
Height (cm) 176.5 ± 2.2
 160.0 ± 1.6
Weight (kg) 71.9 ± 3.7
 57.8 ± 1.7
BMI (kg/m
2) 23.0 ± 0.7 22.6 ± 0.7
Body fat (%) 10.9 ± 1.6
 22.5 ± 0.9
FFM (kg) 64.1 ± 3.5
 44.5 ± 1.0
Fat mass (kg) 7.9 ± 1.2
 13.4 ± 0.8
_ VO2peak (L/min) 4.2 ± 0.3
 2.7 ± 0.1
_ VO2peak (mL/kg/min) 57.6 ± 2.2
 46.7 ± 2.5
_ VO2peak (mL/kg FFM/min) 64.5 ± 1.9 60.6 ± 3.0
Exercise (h/week) 7.0 ± 1.0 6.2 ± 0.5
Values are means ± SE. Men, n = 7; women, n = 8. _ VO2peak, peak
O2 consumption, BMI body mass index, FFM fat-free mass. Statis-
tical analysis by unpaired t test
Signiﬁcantly different between men and women,
 P\0.05
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123for each study participant (men 2,762 ± 68 kcal/day,
women 2,101 ± 36 kcal/day) and macronutrient composi-
tion was made similar between individuals for carbo-
hydrate (men 50.2 ± 0.3%, women 50.2 ± 0.2%), fat
(men 31.9 ± 0.3%, women 32.3 ± 0.4%) and protein
(men 17.9 ± 0.5%, women 17.6 ± 0.2%). On the study
days, participants arrived at the laboratory at 7:00 a.m.
after overnight fasting and ate a standardized breakfast
(men 450 kcal, 67% carbohydrate, 22% fat, 11% protein;
women 345 kcal, 65% carbohydrate, 26% fat, 9% protein)
that represented approximately 16% of EER in both men
and women. We chose to feed our study participants a
standardized small breakfast 3 h before exercise to mimic
typical nonlaboratory conditions, and following breakfast
no more food was consumed until after the last blood
sample was drawn. On the morning of the studies, a
catheter was placed in a hand vein to collect arterialized
blood using the heated hand vein technique (Horning et al.
1998), and pulmonary gas exchange was determined for
assessment of metabolic rate and substrate oxidation,
which we reported previously (Henderson et al. 2007a). At
each sampling time point, heart rate was recorded from an
electrocardiograph (Quinton Q750, Seattle, WA, USA).
Blood sampling
Arterialized venous blood samples were drawn immedi-
ately before exercise, in the last moments of exercise bouts
(*90 min at 45% VO2peak and *60 min at 65%
VO2peak), and then 3 h after exercise during recovery.
During the C trial, blood samples were drawn at the time
point corresponding to pre-exercise (3 h after breakfast),
75 min later, and then 3 h later to correspond to approxi-
mate times of day that samples were taken in E45 and E65.
Blood was collected into tubes containing EDTA (0.15%),
enzymeinhibitors(D-phenylalanyl-L-prolyl-L-arginyl-CHCl2,
1 lM; aprotinin, 50 KU/mL), antibiotics (gentamicin
sulfate, 50 lg/mL; chloramphenicol sodium succinate,
0.05 mg/mL), and a bacteriocide (sodium azide, 0.01%
wt/vol). Blood was centrifuged at 3,0009g for 20 min and
the plasma stored at -80C with the tubes’ headspaces
ﬁlled with nitrogen gas. Hematocrit measurements were
performed on arterialized venous blood using a circular
microcapillary tube reader.
Sample analyses
Plasma was analyzed for concentrations of TC (Allain et al.
1974), TG (Nagele et al. 1984) and HDL-C measured
directly after precipitation of apoB containing lipopro-
teins in plasma (Warnick et al. 1985). LDL-C was calcu-
lated from the formula of Friedewald et al. (Friedewald
et al. 1972). Lipid assays were enzymatic end-point
measurements utilizing enzyme reagent kits and a Ciba-
Corning Express 550 automated analyzer (Ciba-Corning
Diagnostics, Oberlin, OH, USA). The measurements were
standardized through the CDC-NHLBI Lipid Standardiza-
tion Program. Measurement of LDL peak particle size was
performed on whole plasma with the use of nondenaturing
2–14% polyacrylamide gradient gel electrophoresis and
standardized conditions (Nichols et al. 1986). Following
electrophoresis, lipoproteins were lipid stained with Sudan
Black, and the protein calibration standards were stained
with Coomassie R-250. Gels were analyzed using com-
puter-automated densitometry, and calculations of peak
particle sizes were based on the migration of reference
standards of known particle size. An immunoturbidimetric
assay (Rifai and King 1986; Smith et al. 1987) was used to
measure apoA-I and apoB. Reagents, standards and refer-
ence plasma controls, with and without elevated lipids,
were included in the immunoturbidimetric assay reagent kit
(Bacton Assay Systems, San Marcos, CA, USA). Mea-
surements were performed using the Express Plus 550
analyzer according to kit instructions. Calibrators and ref-
erence controls were assigned concentration values with
the use of International Federation of Clinical Chemistry
standard reference materials SP1 for apoA-I and SP3-07 for
apoB. In-house controls were measured in each group of 20
unknowns, as well. For each assay, coefﬁcients of variation
were less than 10%, and all samples were analyzed in
duplicate.
Calculations
EEE was assessed by pulmonary gas exchange (Frayn
1983) and was calculated for each exercise intensity in
each individual by subtracting the background resting
energy expenditure rate in the C trial from the energy
expenditure of the exercise sessions. Baseline lipoprotein
concentration values are reported as those measured in
plasma and the subsequent two samples in a trial were
corrected for estimated changes in plasma volume from
baseline using hematocrit (van Beaumont 1973).
Statistical analyses
Data are presented as mean ± standard error. Subject
characteristics and baseline (pre-exercise) lipoprotein val-
ues were compared between genders by unpaired t test.
Additional speciﬁc unpaired t tests comparing men with
women were performed for values during exercise of a
given intensity. Also, with unpaired t tests, we compared
between sexes the relative change from baseline during
exercise trials to that in C trials when either sex showed a
signiﬁcant difference from C after exercise. Results for
percentage change from pre-exercise values were analyzed
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123within sexes by repeated measures analysis of variance
(trial 9 time) with post hoc analyses by Fisher’s protected
least signiﬁcant difference test. Statistical analyses were
performed using JMP 7.0 software (SAS, Inc., Cary, NC,
USA), and the statistical signiﬁcance was set at a = 0.05.
Results
Diet records
As expected, reported habitual dietary energy intake was
signiﬁcantly higher in men than women (men 2,435 ±
112 kcal/day, women 1,966 ± 96 kcal/day, P\0.05).
Habitual dietary macronutrient composition was not signi-
ﬁcantly different between sexes for carbohydrate (men
54.1 ± 2.0%, women 54.0 ± 1.8%), lipid (men 28.9 ±
2.0%,women29.4 ± 1.3%)andprotein(men17.0 ± 0.6%,
women 16.6 ± 0.8%).
Characteristics of exercise bouts
EEE was signiﬁcantly greater in men than women
(P\0.05). The durations of E45 (men 88.8 ± 0.5 min,
women 90.4 ± 0.9 min) and E65 (men 60.4 ± 0.2 min,
women 61.2 ± 0.6 min) were such that energy expendi-
tures would be similar for the two intensities for both men
and women. EEE was matched between exercise trials in
that there were no signiﬁcant differences between trials for
men (E45 693 ± 55 kcal, E65 698 ± 57 kcal) and women
(E45 427 ± 24 kcal, E65 439 ± 24 kcal). As the physical
ﬁtness level ð _ VO2peak per FFM) was similar between men
and women, _ VO2 was not signiﬁcantly different between
sexes during exercise when expressed per FFM in either
E45 or E65, and relative exercise intensities were also
similar for the sexes in E45 (men 46.5 ± 0.5% _ VO2peak,
women 46.2 ± 1.2% _ VO2peak) and E65 (men 64.9 ±
1.5% _ VO2peak, women 65.2 ± 0.6% _ VO2peak). The heart
rates elicited during exercise were similar between men
and women for E45 (men 129 ± 1 beats/min, women
122 ± 5 beats/min) and E65 (men 156 ± 3 beats/min,
women 152 ± 5 beats/min).
Lipoprotein proﬁle
The baseline (pre-exercise) lipoprotein proﬁles for men and
women are reported in Table 2. As conditions were similar
between the three trials (C, E45, E65) for the pre-exercise
time point, we report averages of the three occasions.
Baseline HDL-C was signiﬁcantly higher in women than
men (P\0.05). Baseline TG was not signiﬁcantly differ-
ent between men and women (P = 0.12), nor were TC
(P = 0.51), LDL-C (P = 0.75), apoA-1 (P = 0.10), apoB
(P = 0.48) or LDL peak particle size (P = 0.08). During
exercise of either intensity, HDL-C and ApoA-I were sig-
niﬁcantly higher in women than men (P\0.05), which
primarily reﬂected the baseline values, as concentrations in
either sex had not changed substantially from baseline.
The relative changes from pre-exercise for cholesterol
subfractions and apolipoproteins are reported in Table 3
and for plasma TG in Fig. 1. In men, there was a main
effect of time for TG to decrease across the day (P\0.05),
and for LDL-C (P\0.05) and HDL-C (P\0.05) to
increase. However, in men there were no main effects of
trial and no trial 9 time interactions. In women, there was
a signiﬁcant trial 9 time interaction for relative change of
TG from pre-exercise values, and post hoc testing revealed
that E45 and E65 were signiﬁcantly lower than C during
postexercise recovery (P\0.05). In women, on subtract-
ing the approximate drift of 1% from pre-exercise to post-
exercise time points in C, in E45 the net decline of plasma
TG below C was 15% and in E65 was 25% below C. In
men, there was no signiﬁcant postexercise decline of TG
versus the C trial, and across the day in both E45 and E65,
the percentage of change versus that in C was signiﬁcantly
greater for women than men (P\0.05). However, though
this substantial gender difference became apparent during
recovery, during the exercise bouts there were not yet any
signiﬁcant differences for TG changes between men and
women. In women, there was a main effect of time for TC
to increase (P\0.05), and as in men, there were main
effects for LDL-C (P\0.05) and HDL-C (P\0.05) to
increase slightly during the day. Apolipoproteins and LDL
particle size changed neither during a sedentary day nor
during exercise or recovery.
Table 2 Pre-exercise lipoprotein proﬁle
Men Women
Triglyceride (mg/dL) 88.4 ± 9.2 71.3 ± 4.9
Total cholesterol (mg/dL) 135.3 ± 7.5 143.4 ± 9.2
LDL cholesterol (mg/dL) 69.6 ± 7.1 66.0 ± 8.9
HDL cholesterol (mg/dL) 48.2 ± 2.8
 63.2 ± 4.0
Apoprotein A-I (lg/mL) 1,221 ± 101 1,460 ± 95
Apoprotein B (lg/mL) 579 ± 50 528 ± 50
LDL peak particle size (A ˚) 267.8 ± 1.6 272.1 ± 1.5
Values are means ± SE. Men, n = 9; women, n = 9. LDL low-
density lipoprotein, HDL high-density lipoprotein. Plasma was col-
lected immediately preceding exercise and at the corresponding time
of day in the control trial. Values are averaged between three occa-
sions. Statistical analysis by unpaired t test
Signiﬁcantly different between men and women,
 P\0.05
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Here, we report that in healthy, young and moderately ﬁt
individuals, a single session of exercise does not change
plasma apolipoproteins, TC, LDL-C, HDL-C or LDL par-
ticle size. However, of importance, we report the novel
ﬁnding that plasma TG declines substantially within 3 h of
exercise in women, but is not different from resting in men
when a time-of-day comparison is made. It is recom-
mended that exercise be performed every day (Institutes of
Medicine 2002), and so individuals following this recom-
mendation will spend a signiﬁcant portion of their lives in a
state of postexercise recovery. Hence, any important
aspects of metabolism or of the lipoprotein proﬁle that
change during this time period (e.g., TG in women) could
vastly affect an active person’s risk factor proﬁle.
Our present results indicate that a single exercise bout of
reasonable volume can lower plasma TG in women and
that the effect may primarily occur within the day of the
exercise bout. On the contrary, it appears that any potential
effects of exercise on TG in men or on HDL-C in either
gender may require exercise sessions on sequential days,
longer exercise duration or more than 3 h of recovery to
become detectable. We have conducted studies of postex-
ercise recovery in men and women for 3 h following
exercise (Henderson et al. 2007a, b, 2008), as well as on
the day after exercise (Henderson et al. 2007a). In these
studies (Henderson et al. 2007a, b, 2008), we showed that
whole body glycerol ﬂux (lipolysis), plasma free fatty acid
(FFA) ﬂux and plasma FFA concentration were elevated to
a greater extent in men than women during 3 h of post-
exercise recovery (Henderson et al. 2007a). The present
results for postexercise plasma lipids show that changes in
plasma TG are dissociated from changes in postexercise
Table 3 Relative lipoprotein concentration changes (%) during
exercise and recovery
TC LDL-C
# HDL-C
# ApoA-I ApoB LDL size
Men
Exercise
C0 ± 22 ± 30 ± 2 -2 ± 5 -2 ± 40 ± 0
E45 0 ± 1 -2 ± 10 ± 12 ± 3 -5 ± 40 ± 0
E65 -1 ± 2 -1 ± 3 -5 ± 1 -9 ± 5 -6 ± 70 ± 0
Recovery
C0 ± 25 ± 30 ± 32 ± 63 ± 70 ± 0
E45 2 ± 23 ± 24 ± 1 -3 ± 35 ± 50 ± 0
E65 1 ± 27 ± 32 ± 21 ± 6 -7 ± 70 ± 0
Women
Exercise
C0 ± 21 ± 2 -1 ± 2 -2 ± 73 ± 40 ± 0
E45 0 ± 10 ± 3 -2 ± 10 ± 41 2 ± 7 -1 ± 0
E65 -3 ± 1 -3 ± 2 -4 ± 1 -5 ± 3 -8 ± 40 ± 0
Recovery
C5 ± 29 ± 23 ± 20 ± 57 ± 50 ± 0
E45 1 ± 29 ± 51 ± 10 ± 67 ± 50 ± 1
E65 1 ± 18 ± 32 ± 20 ± 4 -3 ± 50 ± 0
Values are means ± SE for percentage change from baseline. Men,
n = 7–9; women, n = 8–9
C control trial, E45 45% _ VO2peak trial, E65 65% _ VO2peak trial, TG
triglyceride, TC total cholesterol, LDL-C low-density lipoprotein
cholesterol, HDL-C high-density lipoprotein cholesterol, Apo apoli-
poprotein, LDL size LDL peak particle size expressed as diameter
Statistical analysis was performed with ANOVA. Main effect of time
in both sexes,
# P\0.05. No main effects of trial and no trial 9 time
interactions were observed
Fig. 1 Plasma triglyceride over the course of a sedentary day and on
days with exercise bouts in men (a) and women (b). Values are
means ± SE. Men, n = 7–9; women, n = 8–9. Statistical analysis
was performed by ANOVA with Fischer’s LSD post hoc test. Main
effect of time,
#P\0.05. No main effects of trial were observed.
Time 9 trial interaction,
aP\0.05. Signiﬁcantly different from
corresponding Con by Fischer’s LSD post hoc test, *P\0.05
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123lipolysis and fatty acid metabolism, in that the sex with a
lesser elevation of systemic FFA mobilization (women)
actually showed a greater postexercise decline of plasma
TG. In addition to our study on whole body glycerol and
FFA kinetics, others have studied FFA and plasma TG
kinetics in men (Magkos et al. 2006, 2007) and women
(Magkos et al. 2009) on the day following exercise. They
showed that on the next day following exercise of 2 h
at 60% _ VO2peak, men display elevated FFA ﬂux and
depressed plasma TG concentrations (Magkos et al. 2006),
but that the effect on plasma TG was not attained if the
exercise duration was only 1 h (Magkos et al. 2007). These
results for elevated postexercise FFA ﬂux the day after
exercise mirror our ﬁnding for FFA ﬂux during hours
immediately following exercise (Henderson et al. 2007a)
and the results also suggest that the threshold of exercise
volume for affecting plasma TG in men may be such that a
quite large exercise volume is needed. In women, on the
day following 1 h of exercise at 60% _ VO2peak, it was
reported that neither FFA ﬂux nor plasma TG concentra-
tions were affected (Magkos et al. 2009). However,
studying a different portion of the recovery period, we
report here that plasma TG is signiﬁcantly depressed 3 h
after exercise in women, and so the timing of the mea-
surements appears to be of considerable importance.
Compared with men, women display a greater response
of the lipoprotein proﬁle during recovery from exercise
regardless of whether the bout was of a moderate or hard
intensity. Thus, we presently describe a gender-speciﬁc
beneﬁt of individual bouts of exercise. If the absolute EEE
were the major determinant of plasma TG changes during
recovery, then one would expect a greater decline in men
as absolute EEE was higher in men (because men have
higher FFM), and so clearly EEE is not the major deter-
minant of the TG response. Previously, the work of others
showed us that in women and men with similar exercise
intensities and durations, plasma TG may be similarly
unaltered on the day following exercise bouts of a 1-h
duration (Magkos et al. 2007, 2009). However, in women,
even with a reasonable exercise volume (duration of
45 min), it was shown that TG can decline within even
1.5 h of exercise cessation (Lee et al. 1991), but it was not
yet known if TG could decline soon after exercise in men
as well. On the whole, it appears possible that the important
effects of exercise on plasma TG primarily occur within the
day of the exercise bout and especially in women.
To consider factors that may be involved in the sex-
based differences in postexercise TG metabolism, lipo-
protein lipase (LPL) ought to be considered, as it is an
important enzyme in muscle and adipose tissue capillary
beds that promotes clearance of plasma TG and is known to
be responsive to exercise and to changes in energy balance.
At rest, compared to men, women have slightly higher total
body LPL activity (Despre ´s et al. 1999) and substantially
higher adipose tissue LPL activity (St-Amand et al. 1995).
This could explain the tendency for women to have lower
plasma TG in the C trial in this study, but a differential
response between the sexes for LPL to prior exercise would
be more helpful in explaining our results for postexercise
plasma TG. In a previous study, in which men and women
were grouped together into a single subject pool, it was
shown that muscle LPL protein content was not yet ele-
vated at 0.2 h after exercise, but was subsequently elevated
substantially in a muscle sample taken 4 h after exercise
(Seip et al. 1997). So, it is fairly probable that during the
3 h of postexercise recovery in our study that muscle LPL
activity may have been elevated at some point. However, it
is unknown if there is a sex difference in LPL activity
during the hours after exercise, and addressing this issue
may be an important direction for future investigations.
With regard to postexercise hypotriglyceridemia in
women, another possible explanation could be that, rather
than plasma TG clearance being elevated in women during
recovery, plasma TG synthesis might have been depressed,
leading to declining plasma TG abundance. Indeed, it is
known that elevated FFA concentrations in plasma can lead
to higher plasma TG via an increased TG synthesis rate
(Lewis et al. 1995). Thus, as we previously reported in
these same study participants that plasma FFA concentra-
tions in recovery were elevated to a much lesser extent in
women than men (Henderson et al. 2007a), this may have
led to a slower VLDL TG synthesis rate in the women and
hence to a declining plasma TG concentration. Though
elevated plasma FFA in men in recovery may promote lipid
oxidation, it may also promote plasma TG synthesis and
therefore prevent postexercise hypotriglyceridemia. Thus,
the reason why women can achieve postexercise hypotri-
glyceridemia could be related to their maintenance of
whole body lipolysis at basal levels during this period.
Though the pre-exercise breakfast in our study was
small and low in fat, it is possible that our ﬁndings were
based at least partly in differences of the effect of exercise
on chylomicron metabolism between the sexes, as our
analysis of plasma TG did not differentiate between
exogenous and endogenous sources. After consumption of
a large high-fat meal, in comparison to men, women were
previously shown to have lower postprandial lipemia
because of more rapid clearance of meal fatty acids away
from chylomicrons (Knuth and Horowitz 2006). With
regard to clinical relevance, it is known that both elevated
fasting and postprandial plasma TG are associated with
CVD risk (Austin et al. 1998; Bansal et al. 2007; Stampfer
et al. 1996). Thus, whether the postexercise depression of
plasma TG in women represents lowered endogenous
plasma TG or lowered chylomicrons, either way such a
drop in total plasma TG can be reasoned to have a
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measure lipoproteins in the overnight-fasted state, we fed
our subjects breakfast to mimic nonlaboratory conditions
and so we believe that our ﬁndings relate to the practical
importance of exercise for altering metabolism of plasma
lipids throughout a day of life. It is known that physically
active individuals experience less risk of CVD (Institutes
of Medicine 2002), and we propose that an important
mechanism by which this occurs in women is by transient
declines of plasma TG during postexercise recovery.
In men, any effects via plasma lipids may occur later
in recovery or indirectly via training-induced loss of body
fat.
Our results indicate that when women have exercised
earlier in the day, their plasma TG will be substantially
lower than it would be on a sedentary occasion. Compared
to the effects of chronic training on plasma TG (Kiens et al.
1980; Kraus et al. 2002; Leon et al. 2000; Thompson et al.
1988), which are not sustained well and are of limited
magnitude (Leon et al. 2000), the acute effect of exercise
on plasma TG in women (Fig. 1) is appreciable. In com-
parison to their time-matched sedentary control trials, this
response of plasma TG was not observed in men in the
present study. In men, plasma TG declined somewhat
throughout the day in the C trial such that postexercise
declines were not different from declines that would occur
on a sedentary day. The decline of TG in the C trial in men
may have been related to their lipemic response to the
breakfast meal, or may represent some other gender dif-
ference in diurnal TG variation. Nonetheless, as C trials in
men and women were qualitatively different, it was clearly
essential to compare postexercise data to a control trial to
determine the effects of exercise per se. Our present results
regarding acute effects of prior exercise on plasma TG add
to the growing body of knowledge describing differences
between men and women for the acute and chronic
responses to endurance exercise. Such gender differences,
in addition to that which we report here, include that
women, compared to men, derive a higher percentage of
energy from lipid and less from carbohydrate during
endurance exercise (Carter et al. 2001; Devries et al. 2006,
2007; Friedlander et al. 1998, 1999; Henderson et al.
2007a, b; Horton et al. 1998; Phillips et al. 1993; Tarno-
polsky et al. 1990, 2007) and thus appear better equipped to
utilize lipids as fuel. But, from previous work, it is also
known that in response to chronic endurance training, men
lose more body fat than do women (Ballor and Keesey
1991; Donnelly and Smith 2005), which may be related to
higher increments of postexercise lipid mobilization in men
than women (Henderson et al. 2007a). Thus, it continually
becomes increasingly more evident that the metabolic
responses to exercise are different between men and
women.
In conclusion, exercise impacts metabolism in qualita-
tively different manners between the sexes. In the hours
following exercise, the lipoprotein proﬁle is unaltered in
men, but is favorably changed in women. Our present
results indicate that exercise acutely leads to a decline of
plasma TG in women even within 3 h of the exercise bout.
Furthermore, when energy expenditure is matched between
exercise intensities, the response is similar between two
different exercise sessions. The results of this study indi-
cate that women will spend a signiﬁcant portion of their
lives in a hypotriglyceridemic state if they exercise regu-
larly because of rapid declines of plasma TG during the
hours following each exercise session. These results add to
the complexity and elaborate nature of our growing
knowledge of gender differences in the physiological
responses to exercise.
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